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When less is more: apoptosis 
during acute kidney injury
Istvan Arany1
The paper by Ma and Devarajan suggests that the subtle apoptotic 
events that occur in the distal nephron after acute kidney injury might 
have a greater than expected impact on the adjacent proximal tubules 
and kidney function. Understanding these events might facilitate 
development of therapeutic means to ameliorate acute kidney injury.
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figure 1 | Interaction between distal tubules and proximal tubules during acute kidney 
injury. The form and extent of cell death provoked by acute kidney injury (AKI) depend on various 
parameters, as listed. Through paracrine regulation, distal tubules might attenuate injury and/or 
augment regeneration of proximal tubules. Accordingly, inhibition of injury of distal tubules might 
positively affect survival of proximal tubules as well.
In this issue of Kidney International, Ma 
and Devarajan1 report that Daxx protein 
expression increases in the distal nephron 
segments of the kidney during ischemia/
reperfusion injury in cells that express 
markers of apoptosis. The exact role of the 
death domain-associated protein Daxx is 
unclear, as it may play a role in either cell 
death or survival. Ma and Devarajan1 
present data to suggest that it plays a role 
in the apoptosis of distal tubule cells, as 
inhibition of its expression prevents apop-
tosis in vitro and it is coexpressed with 
markers of apoptosis in vivo. This obser-
vation refocuses attention on the issue of 
the relative importance of distal versus 
proximal cell injury in the pathogenesis 
of acute kidney injury. The issue was first 
raised by observations on the molecular 
responses to injury,2 which showed prom-
inent responses in the distal nephron, and 
later by detailed studies of the nature of 
cell death induced by ischemia/reper-
fusion injury.3 It is generally accepted 
that—especially after ischemic injury—
the proximal tubule (PT) is more sus-
ceptible to damage than the distal tubule 
(DT).4 It has also been established that 
whereas the PT undergoes necrosis, the 
predominant form of cell death in the DT 
is apoptosis.5 In one recent study, inhibit-
ing apoptosis in the distal nephron had 
a significant effect on kidney function.6 
The studies of Ma and Devarajan1 now 
extend these observations and identify a 
possible key regulator of the process. How 
could inhibition of apoptosis, especially in 
the distal nephron, affect renal function 
so profoundly? Perhaps a more detailed 
look at the nature of cell death induced 
by acute kidney injury will suggest some 
possible answers.
Both the S3 segment of the PT, so 
prominently involved in necrotic cell 
death after acute kidney injury, and the 
straight portion of the DT, where apop-
tosis predominates, are located in close 
proximity in the outer medulla of the 
kidney. The environment of this region of 
the kidney is particularly harsh, with low 
oxygen tension and consequent increased 
generation of reactive oxygen species, and 
continued osmotic stress. There are also 
significant differences in metabolic activi-
ties between the PT and DT: the DT has 
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greater capacity to generate adenosine tri-
phosphate by anaerobic glycolysis during 
impaired oxidative phosphorylation, as 
might occur after ischemia.7 This, together 
with other factors such as loss of epithelial 
polarity, high water and solute fluxes, and 
low metabolic reserve, might contribute to 
higher susceptibility of the PT to various 
stresses, including ischemia.3 In addition, 
responses of the DT to ischemic injury 
involve altered expression of a variety of 
genes that might modulate susceptibil-
ity of this segment to injury. For exam-
ple, the extracellular signal-regulated 
kinase (ERK)8 and the cAMP-responsive 
element-binding protein9 are activated in 
the DT only after ischemia/reperfusion 
injury and each has a prosurvival role in 
experimental models of oxidant stress. 
Interestingly, each of these genes has been 
identified in experiments examining the 
issue of ischemic preconditioning.10
This raises the question of how inhibi-
tion of an event in the distal nephron could 
influence survival of proximal tubule cells 
and improve renal function, as has been 
demonstrated before. One possibility is the 
production by the medullary thick ascend-
ing limb of paracrine growth factors that 
may contribute to the survival of adjacent 
PTs.3 A similar situation exists for collecting 
ducts coursing through this region of the 
kidney, which are a source of insulin-like 
growth factor-1. For example, the expres-
sion of these growth factors is lost during 
ischemia/reperfusion injury.3 Accordingly, 
the DT possesses important autocrine and 
paracrine factors that, through ‘cross-talk’ 
between those neighboring segments, 
could facilitate survival or regeneration 
of the tubular epithelium after ischemic 
or toxic insults. This scenario might make 
it clear why inhibition of apoptosis in the 
DT has a larger than expected impact on 
kidney function (Figure 1).
Unfortunately, studies to date, includ-
ing those of Ma and Devarajan,1 are not 
robust enough to examine these issues 
and yield only possible glimpses of their 
importance to the syndrome of acute kid-
ney injury. The delineation of the roles of 
segment-specific paracrine, juxtacrine, 
and even intracrine support of the neph-
ron as a whole will not be possible until 
the identified crucial role players, such as 
Daxx, are manipulated in vivo at the right 
site and at the right time. Identification of 
a key role player in segment-specific out-
come offers the hope of pursuing such a 
strategy in vivo, with obvious therapeutic 
implications. It may change the current 
experimental paradigm of focusing on 
how to limit necrosis in the PT to how to 
limit apoptosis in the DT.
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Prescribing and monitoring 
hemodialysis dose
Edmund G. Lowrie1
Small patients require higher Kt/V, the ratio of dialysis dose (the product 
of small-molecule clearance (K) and dialysis session length (t) to body 
water volume (V), than large patients. The errors implicit in Kt/V for 
judging hemodialysis dose are reviewed; methods for prescribing 
hemodialysis based on new technology are discussed; and thoughts 
about future development are suggested.
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In this issue of Kidney International, 
Spalding et al.1 suggest that small patients 
treated at a uniform Kt/V target of 1.2 
receive inadequate dialysis if toxicity is 
more a function of metabolic activity than 
of urea distribution volume. Singer and 
Morton2 have offered similar thoughts 
based on the allometric scaling law; met-
abolic activity is related to geometric size 
as a power function (that is, Y = aXb).
The 1.2 value is accepted for index-
ing Kt to V.3 The ranges of Kt indexed 
to body surface area (Kt/BSA) and to 
a power of weight (W0.67) estimated 
using that Kt/V target were substantial.1 
They were lower for small than for large 
patients, leading the authors to conclude 
that using Kt/V underestimates needed 
dialysis dose, given the assumption that 
necessary Kt is more a function of meta-
bolic activity than of geometric size.
That conclusion,1 and therefore that 
assumption, is supported by empirical 
data based on both urea kinetics-based 
estimates4 and direct measurements of Kt 
using ionic dialysance.5–7 Kt was a curvi-
linear function of BSA in those studies, 
however, and not a simple linear ratio as 
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